UNCLASSIFIED 
AD  NUMBER 


AD158516 

CLASSIFICATION  CHANGES 

TO: 

UNCLASSIFIED 

FROM: 

CONFIDENTIAL 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative/Operational  Use;  27  DEC  1957. 
Other  requests  shall  be  referred  to  Naval 
Ordnance  Lab.,  White  Oak,  MD . 


_ AUTHORITY _ 

NOL  ltr  29  Aug  1974  ;  NOL  ltr  29  Aug  1974 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


fiepAoduced 
Im  ike 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 

ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


DOWNGRADED  AT  3  YEAR 

INTERVALS : 

DECLASSIFIED  AFTER 

12  YEARS 

■! 

DOD  DIR  5 2 CO 

.10 

.  * 


MICRO  CARD 


NOTICE  WHF  N  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
WT  CTSFO  FOR  ALY  PURPOSE  OTHER  THAN  IN  CONNECTION  WT*K  A  DEFINITELY  RELATED 
GOVERN!  "EN7  PROCUREMENT  Of  -RATION,  THE  U.  S.  OOvERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NCR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVE  RNMENT  MAY  HAY-  FORMULATED,  FURNISHED,  CHI  IN  ANY  WAY  SUPPLIED  THE 
LAID  DRAWINGS  SPECIFICATIONS,  OR  OTHFR  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  W  ANY  MaNNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVE  ING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE 
CM  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


t 

M 

] 

U 

L;  jJ 

J 

m 

ft 

\ 

Sj3r\  % 

AD  N 5^^ 


CONFIDENTIAL 


NAVORD  REPORT 


4486 


'1 

* 


PRESSURE  DISTRIBUTIONS  ON  AN  ABMA  JUPITER  NOSE  CONE 
(13.3  DEGREES  SEMI  -  VERTEX  ANGLE)  AT  NOMINAL 
MACH  NUMBERS  5,  6,7.  AND  8 


WHITE  OAK,  MARYLAND 


HAY  12  1958 


CONFIDENTIAL 


^^1 


CONFIDENTIAL 
NAVORD  Report  4486 

Aeroballistic  Research  Report  381 


PRESSURE  DISTRIBUTIONS  ON  AH  AREA  JUPITER  NOSE  CONE 
<13. 3  DEGREES  SIMI-VEITE.,  ANGLE)  AT  NOMINAL 
MACH  NUMBERS  5,  6,  7,  AND  8 


Prepared  by: 


S.  J.  Redsan  and  L.  Basiuk 


ABSTRACT Pressure  distributions  were  obtained  on  an 
arma  JUPITER  nose  oone  (13.3  degrees  sesi-vertex  angle) 
,*  m».i«  ausbers  of  5,  S i  7 ,  »»d  f*  i»  the  Mol 

12  x'Ta^cs  Sy  wsonic  Tunnel  No.  4.  These  distributions 
were  ■ensured*  aisssj;  sodel  Meridians  that  were  spaced  45 


decrees  apart,  and  were  taken  for  yaw  angles  ranging 
fro*  0  to  7.5  degrees.  The  tabulated  data  are  given 
and  plots  are  presented  to  show  the  chief  characteristics 
of  the  data.  A  Halted  aaount  of  pressure  data  fros 
tests  of  a  sphere  »odel  is  for 
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The  hypersonic  pressure  distributions  presented  in  this 
report  ere  seong  the  first  to  be  obtained  at  NOL  on  blunt- 
body  shapes.  This  investigation  of  an  Arsy  Ballistic 
Missile  Agency  (ABMA)  JUPITER  nose  cone  was  sponsored 
by  the  U.  S.  Arsy  and  vas  performed  under  Task  Rusher 
NOL -3 00.  Results  presented  herein  are  intended  to  fa¬ 
cilitate  heat-transfer  computation. 

This  document  may  include  technical  data  and  other  in¬ 
formation  which  may  be  proprietary  to  parties  other  than 
the  Government  and,  therefore,  the  transmission  by  the 
Department  of  the  Navy  of  this  document  is  not  to  be 
regarded,  by  implication  or  otherwise,,  as  licensing  or 
conveying  any  rights  or  permission  to  the  recipient  or 
any  other  person  or  corporation  gaining  access  to  this 
document  to  use  for  commercin',  purposes,  as  distinguished 
from  Government  purposes,  the  said  technical  data  or 
information  disclosed  herein. 

The  authors  wish  to  acknowledge  the  contributions  of 
Mr.  J.  A.  Iandolo  who  was  responsible  for  the  design  of 
the  model  and  Mr.  R.  H.  Garres,  Jr.,  who  participated 
in  the  tests  and  was  responsible  for  the  details  of  the 
test  preparation. 


’».  V.  WILBOURNE 
Captain,  USN 
Commander 
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SYMBOLS 


-  (rH-str«&K  Mach  nuaber 

-  static  pressure  on  aodel  surface 

•  aablent  (free-streaa  static)  pressure 

-  base  pressure 

•  Pitot  pressure 

-  radius  ot  spherical  nose  (0.385  inches) 

"  free-streaa  Reynolds  nuaber 

■  length  along  aodel  profile,  inches;  acasured  froa 
the  intersection  of  the  aodel  axis  with  the  spher¬ 
ical  nose 

•  length  along  aodel  profile,  Inches;  aeasured  froa 
the  stagnation  point  on  the  yaved  aodel 

•  yaw  angle,  degrees;  angle  between  the  relative 

wind  vector  and  the  aodel  axis  \ 

-  angle  between  the  aodel  axis  and  a  noraal  to  the 
surface  of  the  spherical  nose,  degrees;  equals 
S/r  radians 

■  S'/r  radians 

-  angle  between  the  aodel  axis  and  a  noraal  to  the 
surface  of  the  spherical  base,  degrees 

-  seal-vertex  angle  of  a  cone 

-  roll  angle,  degrees;  angle  between and  the 
aeridian  of  orifices,  Muabers  5-24  (Figure  1) 

•  reference  aeridian  defined  by  the  intersection  of 
the  windward  surface  of  the  aodel  with  the  plane 
of  yaw 


v 

COVFIDKJrriAL 


CONFIDENTIAL 
NAVORD  Report  4486 


PRESSURE  DISTRIBUTIONS  ON  AN  ABMA  JUPITER  NOSE  CONS 
(13.3  DEGREES  SEMI-VERTEX  ANGLE)  AT  NOMINAL 
MACH  NUMBERS  5,  6,  7,  AND  8 


INTRODUCTION 

1.  The  choice  of  nose  shape  for  ballistic  missiles  of 
interred la ts  range  is  governed  largely  by  considerations 
of  aerodynaalc  heating  and  stability.  Blunt  bodies  are 
relatively  favorable  in  regard  to  heating,  but  do  not 
have  good  stability  characteristics.  In  thowj  respects, 
the  spherically-blunted  cone  represents  a  con  promise 
configuration.  Since  theory  does  not  define  the  pres¬ 
sure  gradients  on  such  bodies  with  sufficient  accuracy 
for  heat- transfer  computation,  experimental  pressure 
measurements  are  needed.  Experimental  pressure  distri¬ 
butions  for  a  series  of  sphere  cones  at  M  »  5.8  are 
available  in  reference  (a).  The  investigation  reported 
herein  presents  expsrimental  pressure  distributions  for 
nn  ABMA  JUPITER  nose  cone  taken  over  a  nominal  Mach 
number  range  of  5  to  8  in  several  meridian  planes  of 
the  model  and  over  a  moderate  range  of  yaw  angle. 


Construction  and  Installation  of  the  Model 

2.  The  pressure  model  of  the  JUPITER  nose  cone  had  a 
base  diameter  of  2  Inches  as  shown  in  Figure  1.  Pre¬ 
liminary  tests  with  solid  models  of  several  sises  in¬ 
dicated  that  this  pressure  model  should  be  free  from 
the  effects  of  shock  reflection  and  of  boundary- layer 
separation  from  the  wall  of  the  hypersonic  tunnel. 

The  preliminary  tests  consisted  in  taking  schlleren 
photographs  over  the  expected  range  of  test  conditions. 
A  sketch  of  the  pressure  model  is  given  in  Figure  1, 
which  shows  that  the  orifices  on  the  spherical  nose 
were  located  alternately  along  two  dlametrlcally- 
opposite  meridians  of  the  model.  The  model  shell  was 
made  of  mild  steel  for  ease  of  manufacture,  and  was  of 
integral  construction  except  for  the  base,  which  was  a 
separate  spherical  segment  to  which  a  0. 69-inch  o.D. 
x  7  3/4-inch  hollow  sting  had  been  rigidly  attached. 

The  base  was  threaded  into  the  conical  portion  of  the 
model  shell  to  assemble  the  model.  Stainless  steel 
pressure  tubes  of  0.025- inch  I.D.  were  finished  flush 
with  the  sodel  surface  to  form  orifices  normal  to  the 
surface.  Internal  tubes  of  0.042-lnch  I.D.  were  con¬ 
tinued  to  points  Just  beyond  the  end  of  the  sting. 

The  use  of  stainless  steel  tubing  was  a  precaution 
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agalnftt  tube  leakage  at  low  teat  preaaurea  and  high  operat¬ 
ing  temperatures. 

3.  Figure  2  abowa  the  nodal  noun  ted  In  the  12  x  12  cm 
Hypersonic  Tunnel.  The  nodal  holder  conaiatad  basically 
of  a  circular  rod  nornal  to  the  ating.  A  aleeve  on  the 
inner  end  of  thia  rod  engaged  the  ating  by  neana  of  aet 
acrewa,  as  ahown  in  Figure  2,  and  pernitted  pre-detemined 
roll  increnenta  of  £  45  degrees  to  be  aet  by  natchlng 
scribe  narks.  The  rod  waa  locked  outside  the  tunnel  door 
to  aaintain  the  yaw  angle  of  the  nodel.  As  can  be  seen 

in  Figure  3,  a  X.  C.  Clinometer  was  attached  to  the  rod 
outside  the  tunnel  to  set  the  yaw  angle.  Stainless  steel 
tubes  of  0.062-lnch  l.D.  were  silver-soldered  over  the 
leads  fron  the  nodel  and  were  passed  without  support 
(approxinately  14  inches)  down  the  diffuser  section  of 

_ *  #«im  fkn  tufknAl 

IUXF  UftiUlVA  •  IUVW  vuewe  wnasee  ~ 111  -  —  * m  — 

a  snail  plenun  chanber  to  provide  additional  apace  for 
flexing  the  tubes. 

4.  For  the  naxinun  yaw  angle  setting,  the  center  of  the 
nodel  nose  noved  approxinately  1  inch  off  the  centerline 
of  the  tunnel  in  the  plane  perpendicular  to  the  nossle 
surface.  The  axis  of  rotation  in  yaw  was  6  inches  (3 
calibers)  downstrean  fron  the  nodel  base. 


Test  Instrumentation  and  Operating  Conditions 

5.  Figure  3  shown  the  general  arrangenent  of  the  teat 
instrumentation.  In  the  lower  foreground  of  the  photo¬ 
graph  are  ahown  two  eleven-position  rotary  "0-ring" 
vacuum  valves  of  NOL  design.  The  tubing  fron  the  first 
21  orifices  (Figure  1)  was  connected  to  these  two  valves, 
and  the  pressures  were  road  to  ±  0.1  an  Hg.  on  two 
Wallace  and  Tlernan  absolute  Hg  nanometers  of  one  atmos¬ 
phere  range.  Tubes  fron  the  three  orifices  on  the  base 
sphere-segment  were  individually  connected  to  oil  nano¬ 
meters  (reference  b)  having  a  conaon  reference  vacuua 
and  a  range  equivalent  to  40  an  Hg.  These  oil  nanometers 
(not  Included  in  Figure  3)  were  read  to  £  0.002  an  Hg. 

6.  The  NOL  12  x  12  ca  Hypersonic  Tunnel  No.  4  is  a 
vertical  closed-jet  tunnel  having  a  Mach  nunber  range 
of  5  to  10  using  an  adjustable  water-cooled  wedge  nossle 
(Figure  2).  A  nossle  of  this  type  is  described  in  re¬ 
ference  (c).  For  tests  of  relatively  long  duration,  the 
large  eaii-ho*  requirements  near  X  -  5  aake  it  advisable 
to  set  actual  Itach  numbers  consistently  higher  than  the 
nominal  values  of  5,  I,  7,  and  8.  The  tunnel  conditions 
applicable  to  the  present  tests  were: 
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Mach 

Musber 

Supply  Pressure 
(atsospheres ) 

Supply  Temperature 
(degrees,  Rankins) 

Free -stress  Reynolds 
Number  per  Foot 

5.4 

6.00 

645 

3.48  x  10® 

6.3 

10.12 

888 

2.48  x  10® 

7.2 

12.14 

1063 

1.57  x  10® 

8.2 

25.16 

1383 

1.53  x  10® 

7.  The  above  Mach  mashers  were  obtained  as 

follows:  For 

each  setting  of  the  cossle,  the  sodol  was  retracted  toward 

the  wall  and  Pitot  and  static  proboa  war#  aountod  at  the 
normal  position  of  tho  sodol  noso.  lbs  Rayleigh  formula 
was  appliod  to  tbs  probo  prossuros  to  yield  tbs  tost  Mach 
number .  With  tbs  sodol  rostorod  to  its  tost  position,  tbs 
road  ins  of  tho  orifico  on  tbs  sodol  axis  duplieatod  tho 
Pitot-pressure  reading  obtained  froa  the  probo. 


RESULTS  AND  DISCUSSION 

8.  Figure  4  shows  the  location  of  the  bow  shock  for  M  -  6.1 
at  aero  yaw.  This  figure  is  a  schlioron  photograph  of  tho 
flow  about  a  2  1/4-inch  base-diaaeter  solid  sodol  (with  1/2 
inch  disaster  sting)  used  in  tho  prolisinary  tests  noted  in 
paragraph  2. 

9.  Figure  5  presents  tho  sero-yaw  pressure  distributions 
obtained  froa  orifices  on  the  spherical  nose  and  iaaediately 
behind  its  tangency  (8/r  -  1.340)  with  the  cone.  A  Newtonian 
distribution  curve  (reference  d)  has  been  Included  as  a 
reference  for  the  experiaental  variation  of  surface  pressure. 
It  say  be  noted  that  adjacent  points  on  the  plot  (10  degree 
Intervals  on  the  sphere)  present  data  froa  opposite  meridi- 
aas  of  tho  sodol  (Figure  1).  These  pressure  distributions 
show  very  little  variation  with  Mach  number  and  depart 
abruptly  froa  the  "Newtonian"  trend  as  the  point  of  tan¬ 
gency  (8/r  -  1.340)  is  approached. 

10.  Figure  6  gives  a  coaparison  of  the  pressure  distribu¬ 
tion  on  the  spherical  nose  of  JUPITER  with  the  distribution 
obtained  on  a  1.75-inch  diaaeter  sphere  sodol.  The  JUPITER 
nose  data  tend  generally  to  be  soaewhat  higher  than  the 
data  shown  for  the  coaplete  sphere.  In  particular,  the 
presence  of  a  conical  afterbody  appears  to  increase  sub¬ 
stantially  the  pressures  seasured  on  a  sphere  at  stations 
immediately  ahead  of  the  point  of  tangency. 

11.  Figures  7,  8,  and  8  shew  pressure  distributions  la 
the  yaw  place  of  the  spherical  aose  at  M  -  5.4,  6.3,  and 
7.2,  respectively.  All  curves  drawn  on  these  three  fig¬ 
ures  are  faired  experiseatal  curves. 
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The  orifice  location*  at  sero  yaw  are  denoted  by  darkened 
circles.  Since  S'  allow*  for  an  effective  shift  in  ori¬ 
fice  location  with  yaw,  the  data  for  all  yaw  angles  Bight 
be  expected  to  define  a  single  experiaental  curve  in  each 
figure.  This  correlation  of  all  yaw  data  into  a  single 
curve  is  reasonably  well  achieved  over  approxiaately  the 
first  57  degrees  (S'/r  < 1.000)  of  the  sphere.  At  larger 
angular  positions,  there  is  an  additional  systematic  yaw 
effect  due,  presumably,  to  the  presence  of  the  cone. 

Vith£-  7.5  degrees,  the  point  of  tangency  on  the  lee¬ 
ward  meridian  (?«  180  degrees)  moves  rearward  to  a 
location  84.2  degrees  (S'/r  -  1.470)  from  the  stagnation 
point.  For  this  case,  the  experiaental  pressure  distri¬ 
bution  (as  faired  by  the  lower  curve  in  Figures  7,  8,  and 
9)  is  significantly  below  the  sero-yaw  data  and,  conse¬ 
quently,  has  shifted  toward  the  sphere  distribution  of 
Figure  6.  The  cor res pending  forward  movement  of  the 
point  of  tangency  on  the  windward  meridian  (  ?  -  0  degrees) 
to  a  location  69.2  degrees  (S'/r  -  1.208)  from  the  stag¬ 
nation  point  is  accompanied  by  a  substantial  Increase  in 
the  experiaental  pressure  distribution  (as  faired  by  the 
upper  curve  in  Figures  7,  8,  and  9)  above  the  xero-yaw 
data.  It  is  of  interest  that  these  well-defined  regions 
of  cone  influence  shown  in  Figures  7,  8,  and  9  are  prac¬ 
tically  identical  and,  therefore.  Independent  of  Mach 
number  and  Reynolds  number  within  the  range  of  test  con¬ 
ditions  (paragraph  6). 

12.  Figure  10  presents  surface  pressures  in  the  yaw-plan^ 
of  the  cone  for  M  -  5.4,  6.3,  and  7.2  at  sero  yaw  and 
maximum  (6-  7.5  degrees)  windward  and  leeward  (#•  0  and 
180  degrees)  yaw.  The  symbols  for  the  sero-yaw  data  have 
been  shaded  for  the  sake  of  clarity.  Newtonian  (refer¬ 
ence  d)  reference  levels  of  coco  pressure  are  included 
at  M  -  5.4  for  the  three  yaw  conditions  noted  above. 

Also  included  is  the  level  of  ambient  pressure,  p^,  corres¬ 
ponding  to  M  *  5.4.  These  reference  levels  are  given  as  a 
convenience  in  orienting  the  measured  pressures,  and  are 
not  intended  as  a  basis  for  comparison  with  the  experimental 
values  shown.  It  will  be  noted  that,  in  terms  of  S/r, 
the  plot  has  been  extended  around  the  base  corner  of  the 
model  to  locate  the  pressures  measured  on  the  spherical 
base  (orifices  numbers  22,  23,  and  24  of  Figure  1).  These 
pressures  remained  essentially  constant  over  the  yaw  angls 
range  of  the  tests.  The  shaded  Interval  of  S/r  between 
the  sting  Juncture  and  the  base  center  shows  the  location 
r-d  extent  of  the  geometrical  blockage  of  the  bass  region 
Introduced  by  the  sting. 

13.  in  Figure  10,  tbs  cone  pressures  tend  generally  to 
decrease  for  increasing  Mach  number,  with  the  larger 
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decrease  occurring  between  M  -  5.4  and  M  -  6.3.  This  vari 
at Ion  of  pressure  with  Mach  nunber  (or  Reynolds  number, 
paragraph  6)  is  appreoiable  with  respset  to  the  pressure 
changes  on  the  eons  that  are  associated  with  differences 
in  surface  inclination  (6  and?).  The  spread  of  cone 
pressure  with  Mach  number  for  the  three  yaw  conditions 
derelops  abruptly  aft  of  the  taagency  point  and  reaains 
roughly  constant  over  most  of  the  oone  length. 

14.  Figure  11  gives  a  comparison  of  a  portion  of  the  pre¬ 
sent  data  with  results  given  in  reference  (a)  for  a  sphere 
oone  model.  The  cone-surface  inclinations  (0+6)  of  30.8 
degrees  for  JUPITER  and  30  degrees  for  the  sphere-cone  of 
reference  (a)  are  oomparable,  and  the  use  of  the  ratio, 
S'/r,  correlates  the  two  sets  of  data  in  terns  of  rela¬ 
tive  digtenefg  fvM  the  gtomtlfta  paint*  an  the  pnheri- 

eai  noeas7~  The  data  show  good  agreement. 

15.  Figures  13  and  13  show  transverse  pressure  distri¬ 
butions  around  the  spherical  nose  of  the  JUPITER  model 
at€  ■  3.5  degrees.  Additional  distributions  at  S/r  - 
1.308  and  7.41  (Figure  13)  have  bsea  included  to  repre¬ 
sent  pressures  obtained  on  the  cone.  The  data  variations 
shown  in  these  figures  for  the  various  8/r  stations  are 
essentially  linear  aad  straight  (solid)  lines  have  been 
faired  through  the  data.  Horisoatal  dash  lines  give  the 
pressure  levels  around  the  model  at  aero  yaw  as  reference 
values.  For  the  M  -  6.3  and  7.3  data  of  Figure  13,  these 
faired  lines  are  higher  than  thoee  drawn  for  the  M  •  5.4 
and  8.3  data  of  Figure  13  by  approximately  1  percent  of 
the  Pitot  pressure.  Considered  both  separately  and 
Jointly,  Figures  13  and  13  indicate  the  absence  of  any 
general  Mach  number  effect  on  these  distributions. 

16.  Figure  14  presents  transverse  pressure  distribu¬ 
tions  on  the  spherical  nose  at€-  7.5  degrees  and  M  -  5.4, 
•3,  and  7.3.  To  obtain  the  curves  shown  in  this  figure, 
local  surface  inclinations  ( 9  * )  Rt  the  orifices  under 
combined  conditions  of  yaw  and  roll  were  computed  from 
tee  geometrical  relationship 


cosy)'  -  cos  6  coe>)+  sia€  sin  V)cos  (1) 


which  has  been  adapted  from  Equation  (3)  of  reference 
(e).  With  S*/r  -W*  (radians),  pressure  values  were 
taken  from  the  experimental  distribution  in  the  yaw 
plane  (Figure  t)  at  M  -  7.3  to  afford  comparison  with 
measurements  made  la  other  meridian  planes.  The  M  -  5.4 
data  of  Figure  7  would  have  served  equally  well.  On 
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the  whole,  the  date  of  Figure  14  ahow  reasonable  agreement 
with  these  semi-empirical  curves.  It  is  thought  that  the 
deviations  of  the  data  from  these  curves  are  due  to  expert- 
mental  error,  since  the  curves  involve  only  the  assumption 
that  pressures  are  distributed  symmetrically  around  the 
stagnation  point  on  a  sphere. 

17.  The  tabulated  data  for  these  tests  are  given  in  Tables 
I  through  IV,  and  the  plots  discussed  above  are  intended 

to  present  the  chief  characteristics  of  these  data.  This 
tabulation  is  so  arranged  that  the  designation,?-  0  degrees, 
consistently  denotes  data  obtained  with  the  orifices  wind¬ 
ward  in  the  plane  of  yaw,  so  that  orifices  numbers  1,  2, 

3,  and  4  of  Figure  1  are, in  effect,  reflected  about  the 
model  axis.  Therefore,  in  using  the  data,  all  orifices 
of  the  spherical  nose  may  be  taken  to  lie  along  the  model 
meridian  defined  by  orifices  numbers  5  through  24  with 
the  same  angular  positions, 9 ,  given  in  Figure  1.  The 
yaw  angles, £  ,  as  listed  include  an  allowance  for  inclina¬ 
tion  in  the  nozzle  flow.  Pertinent  test  conditions  are 
noted  in  paragraph  6.  The  M  -  8.2  data  have  been  tabu¬ 
lated  in  Table  IV  for  €  -  0  and  2.5  degrees  only. 

18.  The  data  as  tabulated  are  referenced  to  the  Pitot 
pressure  for  each  tunnel  run,  i.e.,  for  each  roll  position, 

<f>,  at  a  given  Mach  number.  It  is  believed  that  the  use 
(at  zero  yaw)  of  the  number  5  orifice  (Figure  1)  on  the 
model  to  monitor  the  Pitot  pressure  in  the  course  of  each 
tunnel  run  was  not  fully  satisfactory  and  Introduced  some 
scatter  into  the  data. 


CONCLUDING  REMARKS 

19.  Pressure  distributions  were  obtained  on  the  ABMA 
JUPITER  nose  cone  at  nominal  Mach  numbers  of  5,  6,  7, 
and  8  and  for  yaw  angles  ranging  from  0  to  7.5  degrees. 
These  distributions  were  measured  along  model  meridians 
that  were  spaced  45  degrees  apart. 

20.  The  pressure  distributions  on  the  spherical  nose  of 
this  configuration  do  not  show  any  definite  effect  of 
Mach  number.  This  statement  applies  also  to  that  region 
of  the  sphere  on  which  pressures  are  modified  by  the 
presence  of  a  conical  afterbody.  Pressures  in  this 
region  are  influenced  systematically  by  the  yaw  of  the 
cone,  but  the  forward  extent  of  the  region  appears  to 
rcs&ain  fixed  at  57  degrees  from  the  stagnation  point 
under  all  conditions  of  yaw. 
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21.  On  the  cone,  the  decreases  in  pressure  with  increasing 
Mach  number  are  appreciable  as  compared  with  the  pressure 
changes  due  to  yaw.  The  pressures  vary  only  slightly  with 
increasing  length  along  the  aftermost  portions  of  the  cone 
and  are  well  below  the  pressures  existing  at  the  tangency 
of  the  spherical  nose  with  the  cone.  The  Mach  number  ef¬ 
fect  on  the  cone  pressures  does  not  propagate  forward  of 
the  tangency  point. 
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ALL  DIMENSIONS  IN  INCHES  UNLESS  NOTED  OTHERWISE 


ORIFICE  LOCATIONS 


ORIFICE 

NO. 

J. 

r 

V 

NOSE 

SPHERE 

ORIFICE 

NO. 

S 

r 

17b 

BASE 

SPHERE 

1 

1.396 

"80®" 

13 

2.54 

2 

1.047 

60® 

14 

2.87 

3 

0698 

40® 

15 

3.52 

4 

0.349 

o 

O 

CM 

16 

4.17 

5 

0.000 

0® 

17 

4.82 

6 

0.174 

10® 

18 

5.47 

7 

0523 

30° 

19 

6.12 

8 

0872 

50® 

20 

6.76 

9 

1221 

70® 

21 

7.41 

TANGENCY 

1.340 

76.68® 

CORNER 

8.39 

41® 

10 

1.571 

"90®" 

22 

8.77 

35.5® 

II 

1900 

2? 

9.22 

29.0® 

!£' 

2.220 

- -  _i 

24 

9.64 

23  0° 

FIG.  I  SKETCH  OF  MODEL  SHOWING 
ORIFICE  LOCATIONS 
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FIG,  2  PHOTOGRAPH  OF  MODEL  MOUNTED 

IN  TUNNEL 
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FIG.  3  PHOTOGRAPH  OF  ARRANGEMENT  OF 
TEST  INSTRUMENTATION 
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FIG. 4  SCHUEREN  PHOTOGRAPH  OF  A 
JUPITER  MODEL  AT  M=6.l  AND 
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SPHERICAL  NOSE  AT  M*5.4,  6.3,  72  AND  8.2 
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FIG.  7  PRESSURE  DISTRIBUTIONS  IN  YAW  PLANE  ON 
SPHERICAL  NOSE  AT  M*  5.4 
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FIG.  9  PRESSURE  DISTRIBUTIONS  N  Y AW  PLANE  ON 
SPHERICAL  NOSE  AT  M*Z2 
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